The mean life span of animals killed by a specific type of tumor is influenced by competing risks. The parametric inference method of Noda et al. was applied to a set of mouse experimental data in order to correct for the appearance of observed life span distribution under competing risks and to test statistical significances of difference between corrected mean life spans. Data were from an experiment on tumors induced in mice by X-rays: whole body irradiated with 600 R; head with 800 R; trunk or lower body with 800 R. The statistically significant changes were found: Whole body irradiation shortened the mean latent period of malignant lymphomas whereas the head irradiation shortened the latent periods of none of tumors. Trunk irradiation shortend mean latent periods of lung tumors. Lower body irradiation showed a tendancy to shorten the mean latent periods of mammary tumors. Results that differed from the above were obtained when there was no correction for competing risks.
INTRODUCTION
A life span study in which all the animals live out their life spans necessarily involves problems of competing risks') in relation to the cause of animal death.
Competing risk phenomena are denoted by the incidences and mean times of the appearance of late-occuring causes of death being markedly affected by the cause of death occurring early. Accordingly shortening of the mean latent period of a tumor because of radiation shall be evaluated taking into account competing risks. Theoretically however, there is no way to correct the incidence of tumor for comepting risks. The age-adujsted incidences reported by Ullrich et al. 2,3) are not corrected for competing risks. The method they used is a conventional one used in epidemiology in which differences in the distribution of ages at death between groups are corrected. Corrections for competing risks are made within a group but not between groups. Else where 4) we reported the shortening of the latent period of tumors in mice caused by radiation with competing risks taken into account. A Weibull distribution was assumed for age at death from a cause of death when other risks were assumed to have been eliminated. Parameters of the Weibull distributions were estimated using the least-square estimation method for transformed life span curves on the Weibull probability paper4). Recently Noda et al.5) developed a method for testing the hypothesis for differences between the mean life span of a treatment group and that of a control group if a specific risk is the only risk present. It uses maximum likelihood estimates of parameters in Weibull distribution as assumed above. A computer program of this method provided by Noda et al.5) was used. It will be made public in the near future by Dr. E. Miyaoka.
Our purpose was to estimate the shortening of the mean latent periods of tumors and to test the statistical significances by the method of Noda et al.5) in which competing risks are taken into consideration. To estimate the parameters in the survival curves, we therefore have adopted the maximum likelihood estimation method in the models used instead of the least-square estimation method on Weibull probability paper used previously 4) in order to apply results of the former method to the testing problem of constructing a critical region with an assured asymptotically optimum. Application of the method of Noda et al. to data on experimental radiation carcinogenesis enabled us to estimate latent periods and to test statistical significances of difference between them in the case of competng risks.
MATERIALS AND METHODS
Experimental data. Data used in the analysis were from an experiment on mice irradiated with X-rays 6). The animals used were 10-week-old ddY/SLC (closed colony) female mice. The X-ray apparatus equipped with filters of 0.5 mm Cu and 0.5 mm Al was operated at 200 kVp, 20 mA. Dosimetry was done with a Radocon Model 575. The range of the dose rate was 54 to 60 R/min. Six hundred R was given to the whole body. The following three groups were assigned for partial body irradiation:
(1) Head exposure (2) Trunk exposure (front legs, chest and abdomen) (3) Lower body exposure (pelvis, hind legs and tail) Partial body irradiation doses were 800 R. Whole body irradiation with 800 R induced acute death. Therefore, the dose was lowered to 600 R. The higher 800 R dose was chosen for partial body irradiation to induce definite life shortening.
A lead shield 5 mm thick was used. The absorbed dose in the shielded area was a few per cent of that in the irradiated area. All the mice were anaeshetized by intraperitoneal injection of sodium 5-ethyl-5(1-methylbutyl) barbiturate (0.1 mg/g body weight) during irradiation. Before and after irradiation, the mice were kept in rooms equipped with a forced-air ventilation system and a temperature of 24'± 1°C. The cage groups were not disturbed until the death of the last mouse. The mice were fed pelleted mouse food (MB-l, Funabashi Farm Co. Ltd) and tap water ad libitum. Daily checks for mortality were made throughout life and both gross and microscopic necropsies were made at death. The tissues removed were processed in the usual manner then stained with haematoxylin and eosin.
Analysis. The analytic method used was developed by Noda et al.5). In brief, the analysis follows the steps described below. The details of the method are given in the APPENDIX.
(i) Calculation of age specific mortalities from the raw data on the mice taking into account competing risks4).
(ii) Weibull distributions fitted to the mortality data by the maximum likelihood method. (iii) Statistical testing of shortening of latent periods using two-sided tests. We used a computer program provided by Noda et al. Kaplan and Meier's method8) also was used to compare the results with those from the Weibull distributions.
RESULTS
Results of analysis with the method of Noda et al.5) are shown as corrected survival curves and in the testing of the hypothesis for the difference between mean life spans under competing risks. Three relatively common tumors: malignant lymphomas, lung tumors and mammary tumors, were analyzed.
1. Corrected survival curves. An example of a corrected survival curve is given in Fig. 1 together with the Weibull distribution. Data are for mice in the unirradiated group who died of malignant lymphomas. "Observed" in Fig . 1 is the survival curve constructed without consideration of competing risks for mice in the unirradiated group who died of malignant lymphomas. Corrections made by Kaplan and Meier's method9) are approximately identical to those of the model with Weibull distribution (Fig. 1) . The reason for the similarity in the two survival curves is that the method of Noda et al.5) shares a fundamental concept with Kaplan and Meier's method, which is that only the smallest value among Y, is observed as X; in equation (3) in the APPENDIX. The two corrected survival curves would occur if all the mice in the unirradiated group died of malignant lymphoma, i.e. if there were no competing risks. Survival curves similar to those in Fig. 1 were obtained for other tumors in other groups (data not shown).
2. Statistical tests of the shortening of latent periods caused by radiation. Two-sided tests of the difference between the mean life spans of an irradiated and a control group were made if a specific risk were the only risk present. Results are shown in Tables 1  through 3 . The estimated parameters m and 77 in equation (1) As for lung tumors, a statistically significant shortening of the latent period is seen after trunk exposure (Table 2) . Shortening in the uncorrected mean life spans after whole or lower body irradiation disappeared after corrections as shown in the table. As the observed number of mammary tumors in Table 3 is small, only a tendancy instead of a statistical decision is given. The tendancy for the shortening of the latent period of mammary tumor is seen after lwoer body irradiation (Table 3) . Differences also exist between the corrected and uncorrected mean life spans shown in the same table. We conclude that tumors were accelerated when their target tissues received the high dose of radiation. Whole body irradiation with 600 R did not accelerate lung or mammary tumors, perhaps because the dose was insufficient and the incidences of these tumors were lower, or both.
DISCUSSION
Kaplan and Meier's method 8) is a non-parametric method for competing risks that is commonly used to estimate the survival curves of cancer patient9,11> and animals12,14) In general it does not permit estimation of the mean life span. A parametric method by the authors that uses Weibull distributions has made it possible to estimate the mean life span of specific tumors4). At the time of its development, a procedure for testing statistical significance was not available.
As Noda et al.5) recently have developed an asymptotically optimum test procedure (see APPENDIX), it is now possible to apply its results to the testing of the data obtained in the study reported here. Note that this test procedure is based on the maximum likelihood estimators of the parameters in the models used. We therefore had to recalculate all the maximum likelihood estimates of the parameters in advance instead of using the estimates reported in an earlier publication 4). The estimated survival curves in both the treatment and control groups obtained by the maximum likelihood estimation are in close agreement with those obtained by the latter estimation. Note that there are close similarities between the recalculated incidences m,( B;) in APPENDIX and the observed incidence n;/n in Tables 1 through 3 . This shows the extent to which the models fit the data, supporting evidence for the models having been shown to fit the data well by the Weibull probability papers (as reported previously 4)).
Obviously reliance upon only uncorrected mean life spans sometimes gives a misleading interpretation of life span data as shown in Table 1 through 3. It is now possible to represent the shortenings of latent periods by levels of significance. Independence of the cause of death is implicitly assumed in the method of Noda et al.5). No statistical analysis that is independent of such an assumption is available. There also may be serious difficulties in making experimental evaluations of the assumption of independence.
A discussion of tumor incidences in mice apart from statistical analysis was made. Tumor incidences depend on the method of observation used, in particularly on duration of observation and the histological method. When an observation is truncated after appoximately one year, no late-occuring tumors are detected. The data cited in the text were obtained from life span studies. Small lung tumors in mice can be detected by special clearing and staining15) or from semi-serial sections16). The lung tumors cited in the text do not include small ones because they first were detected macroscopically and then confirmed by histological examination. 
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